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There is a light-emitting diode and photo-transistor 
detector pair, a timer comprising an oscillator and a 
counter, and an alarm relay. The output of the photo 
transistor is applied to the reset input of the counter, and 
the counter output is applied to the relay. The elec 
tronic assembly is positioned over the actuator arm of a 
paddle-type ?ow sensor assembly in such a way that 
movement of the arm by water-flow blocks the light 
path between the emitter and detector, which causes the 
photo-transistor output to go low, which releases the 
reset on the counter. The counter counts a predeter 
mined time delay suf?cient to avoid nuisance alarms 
due to temporary surges in the water conduit, and then 
activates the relay. 

5 Claims, 3 Drawing Sheets 
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WATER-FLOW DETECTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention in general relates to the ?eld of water 

?ow indicators that are intended to be mounted on a 
water-pipe of sprinkler-type ?re suppressant systems to 
activate an alarm when water ?ows in the pipe. In par 
ticular, it relates to such water-?ow indicators having a 
time delay function. 

2. Description of the Prior Art 
Water-?ow detectors, sometimes referred to as wa 

ter-?ow indicators, which are mounted on the pipes of 
sprinkler-type ?re suppressant systems are well-known. 
These systems generally include a paddle or vane which 
is placed within the pipe or other conduit carrying the 
water. The vane is connected to a pivot arm which 
connects to an alarm actuator. A problem with such 
water-?ow detectors is that transient ?ows can occur in 
the sprinkler system pipes; for example, when a pump 
that maintains pressure in the system turns on, air 
trapped in the system will be compressed, which may 
cause water to temporarily surge past the ?ow detector 
location. Such temporary surges can trigger false 
alarms which are a nuisance. The common way to avoid 
such nuisance alarms is to provide a time delay between 
the beginning of the ?ow and signaling an alarm. Typi 
cally, an adjustable pneumatic dashpot (similar to that 
of a screen door closer) retard mechanism is used to 
provide the delay. 
The prior art delay mechanisms have a number of 

disadvantages. The pneumatic retard is vulnerable to air 
borne particles which can clog the miniscule exhaust 
path and signi?cantly alter the delay or even prevent 
the actuation of the alarm. The mechanical linkages can 
vary or deteriorate to cause signi?cant variation in the 
force required to actuate the mechanism, thus altering 
the ?ow sensitivity of the detector. Further, setting the 
pneumatic retard time delay involves a time-consuming 
trial-and-error method since absolute calibration is diffi 
cult with such retards. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a water 
flow detector which overcomes one or more of the 
disadvantages of the prior art detectors. 
A related object is to provide a water-?ow detector 

having an electronic time delay function. 
A further object of the invention is to provide a wa 

ter-?ow detector having a number of predetermined 
time delays which can be easily selected. 
Another object of the invention is to provide a water 

flow detector which upon failure of the system or parts 
of the system will provide either an immediate alarm or 
an alarm with no, or minimal, delay when ?ow is de 
tected. 

Accordingly, the invention provides a source of radi 
ation, radiation detector means for producing an electri 
cal output related to the radiation incident upon it, 
means responsive to the water-?ow for intercepting at 
least a portion of the radiation passing from the radia 
tion source to the detector, and a means responsive to 
the electrical output of the detector for providing an 
indication of water-?ow after a delay suf?cient to avoid 
nuisance alarms due to transient flow conditions. In the 
preferred embodiment, the delay is for a predetermined 
time. Preferably there is a switch for selecting one of 
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2 
several predetermined delay times. Preferably the delay 
is provided by a circuit including an oscillator and a 
counter. Preferably there is a means for stopping the 
oscillator when the indication of water flow is pro 
vided. Preferably there is also a means for resetting the 
counter when the water flow ceases. In the preferred 
embodiment, the radiation source comprises a radiation 
emitting diode and the radiation detector means com 
prises a photo-transistor. 
The water-?ow detector provided by the invention is 

less expensive and more reliable than prior art detectors 
in addition to meeting the objectives outlined above. 
Numerous other features, objects, and advantages of the 
invention will become apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is an exploded view of a water-?ow detector 

according to the invention; 
FIG. 2 is an end view of the detector of FIG. 1 in 

stalled in a water pipe; 
FIG. 3 is a perspective view of the mechanical to 

electrical transducer portion of the invention under 
normal (no flow) conditions; 
FIG. 4 is a perspective view of the portion of the 

invention shown in FIG. 3 under water-?ow condi 
tions; and 
FIG. 5 is a detailed electrical circuit diagram of the 

electronic assembly portion of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Directing attention to FIG. 1, an exploded view of 
the preferred embodiment of the water-?ow detector 
according to the invention, is shown. While the inven 
tion will be described in connection with a preferred 
embodiment, it will be understood that it is not intended 
to limit the invention to that embodiment. The embodi 
ment includes a mechanical assembly 10 and an electri 
cal assembly 11. The mechanical assembly 10 includes a 
paddle (or vane) 12 that is intended to be inserted within 
a pipe 14 of a sprinkler-type ?re suppressant system. 
The vane 12 is attached to an arm 15 which passes 
through a water seal 17 (FIG. 3) and is mounted on a 
pivot 18. An actuator member 21 is attached to the end 
16 of the arm 15 opposite the vane 12. The electrical 
assembly 11 includes a radiation source 22 (FIGS. 3-5) 
a radiation detector 23, a timer 24 (FIG. 5) and a means 
for providing an indcation of water ?ow which prefera 
bly is relay 25. The electrical assembly 11 is mounted on 
the mechanical assembly 10 so that actuator member 21 
will move (see FIGS. 3 and 4) between radiation source 
22 and radiation detector 23 when vane arm 15 pivots. 
Water flow in pipe 14 in a direction into the drawing of 
FIG. 2 causes the arm 15 to pivot and member 21 to 
move between source 22 and detector 23 (FIG. 4) to 
interrupt the radiation passing from source 22 to detec 
tor 23. This causes the electrical output of detector 23 to 
change which actuates timer 24 (FIG. 5) which counts 
for a selected delay time and then actuates relay 25 to 
provide an indication of the water ?ow. The relay 25 
would generally be connected into a ?re control panel 
(FACP) (not shown) and switching it may sound an 
alarm, ?ash annunciator lights showing where the ?ow 
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is occurring, and/or send a signal to a central station 
where ?re ?ghters would be alerted. 
Turning now to a more detailed description of the 

preferred embodiment (and referring to FIGS. 1 and 2), 
the mechanical assembly 10 includes u-bolt 30, nuts 31 
and 32, pipe saddle 33, gasket 34, vane 12, actuator arm 
15, plate 59, actuator member 21, spring 39, screws 45 
and support 46. A cover 35 encloses the top portion of 
the electrical assembly 11 and mechanical assembly 10. 
The details of the water seal 17 and pivot 18 are shown 
in the partially-exploded views of FIGS. 3 and 4. Pivot 
arm 18A is clamped between the under surface of seal 
17 and the upper surface of ring 19, which is formed in 
the top portion of pipe saddle 33. Seal 17 comprises a 
rubber or rubber-like wafer 17A and a thin metal disk 
17B. The flexibility of the seal wafer 17A permits the 
pivot 18 and arm 15 to move. Except for actuator mem 
ber 21 and spring 39, the mechanical assembly 10 is 
conventional and thus only these parts will be discussed 
in further detail. For example, such assemblies are in 
corporated in the Series WFD and WFD-10 Vane 
Type Water Flow Indicators available from Noti?er 
Company, 3700 North 56th Street, Lincoln, Nebr. 
68504. 
Actuator member 21 preferably comprises a hollow 

cylindrical portion 40 and a rectangular portion 41. The 
cylindrical portion 40 has an inside diameter 42 that is 
smaller than the end of arm 15. The rectangular portion 
41 is preferably approximately i inch long by % inch 
high (along the direction of the axis of cylinder 40) and 
l/ 16 inch thick. It is preferably molded in one piece of 
a resilient insulative material, such as rubber, silicon 
rubber, or a flexible plastic material. Cylinder 40 is 
forced over the end 16 of arm 15 and its elasticity holds 
it in place. Spring 39 is a coil spring similar to the return 
spring of the conventional devices referred to above, 
except that its spring constant is slightly less since it 
does not have to act against the dashpot to return the 
vane to normal. Spring 39 preferably includes a hook 38 
on one end, which is hooked over arm 15 to connect it 
to the arm. Screw 45 is screwed into the other end of 
spring 39 to adjustably attach it to support 46 as in the 
conventional devices. Spring 39 and screw 45 are pref 
erably made of stainless steel or other non-corrosive 
material. 
Turning to FIGS. 3 and 4, the electrical assembly 11 

includes circuit board 50, insulative cylinders, such as 
51, screws 53 and 54, washers such as 55, source 22, 
detector 23 and switch 60 (FIG. 1), as well as other 
electrical parts which are shown in FIG. 5. For clarity, 
only the parts named above are shown in FIGS. 1, 3 and 
4. Circuit board 50 is attached to supports 57 and 58 
which, are molded into the conventional support plate 
59, by means of screws 53 and 54 and lock washers such 
as 55. In FIG. 4, screw 54, washer 55, and cylinder 51, 
are shown in exploded view in order to more clearly 
show their relationship. Screw 54 passes through hole 
36 and cylinder 51 and screws into support 57. A similar 
screw 53 (FIG. 1) passes through a washer (not shown), 
hole 37 and another cylinder (not shown) and screws 
into support 58. The cylinders, such as 51, are prefera 
bly approximately 2 inch long and g inch in diameter 
and act as spacers to separate circuit board 50 and plate 
59. The source 22 and detector 23 are preferably at 
tached to the circuit board by means of their leads (not 
shown) and are preferably spaced approximately % inch 
apart on either side of the position of member 21 when 
arm 15 is fully pivoted due to water flow. Switch 60 is 
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4 
preferably placed so that it is easily accessible. Screws 
53 and 54 and washers such as 55 are preferably made of 
stainless steel or other non-corrosive material, cylin 
ders, such as 51, are made of te?on or other rigid insula 
tive material, and circuit board 50 is made of conven 
tional materials. The electrical assembly 11 is preferably 
enclosed in a case 56 which is open at the side facing 
plate 59 and is preferably made of ?ber board, card 
board or other insulative material. 

FIG. 5 shows the preferred electrical circuit accord 
ing to the invention. It comprises radiation source 22, 
radiation detector means 23, timer 24 (which includes 
timer integrated circuit chip 62, resistors 63 and 64 and 
capacitor 65) relay 25, transistors 70 and 71, zener diode 
73, diodes 74, 75 and 76, capacitor 77, and resistors 78 
through 86. The numbers, such as 16, located next to the 
lines into chip 62 are the pin numbers of the chip. Resis 
tors 78 and 79 are connected in series between the 120 
volt AC “hot” input 87 and the anode of diode 76. The 
24-volt DC input 88 connects between resistors 78 and 
79. The cathode of diode 76 connects to the high circuit 
voltage line 90. Capacitor 77 is connected between the 
high voltage line 90 and the circuit common or ground 
89. Resistor 80, and source 22 are connected in series 
between high line 90 and the number 16 pin (high volt 
age terminal) of timer chip 62. Zener diode 73 is con 
nected between the number 16 pin and the number 8 pin 
(low voltage terminal) of timer 62. The number 8 pin is 
also connected to ground. The collector of detector 23 
(which is preferably a photo-transistor) is connected to 
the number 16 pin of timer 62, while its emitter is con 
nected to the number 12 pin (reset terminal) through 
resistor 82 and to ground through resistor 83. The dot 
ted line between source 22 and detector 23 indicates 
that these components are physically placed so that 
radiation can ?ow from one to the other. The number 
10 pin of timer 62 is connected to the number 11 pin 
through resistors 63 and 64. Capacitor 65 is connected 
between the number 9 pin of timer 62 and the line be 
tween resistors 63 and 64. The number 11 pin is also 
connected to the collector of transistor 71 through resis 
tor 81. The emitter of transistor 71 is connected to 
ground through diode 75 with the cathode of the diode 
toward ground. The base of transistor 71 is connected 
to the base of transistor 70 and to pole 95 of switch 60. 
Pole 95 is also connected to pin 7 of timer 62 through 
resistor 84. Poles 91 through 93 of switch 60 are con 
nected to the 3, 2, and 1 pins, respectively, of timer 62. 
Pole 97 is connected to the number 15 pin of timer 62. 
Poles 94 and 96 are connected to pole 95. Moveable 
contact 100 connects pole 94 to 97, and may be moved 
to connect poles 91, 92 and 93 to poles 94, 95 and 96, 
respectively, as shown by the dashed lines. The emitter 
of transistor 70 is connected to ground through resistor 
86. The collector of transistor 70 is connected to one 
side of the coil 98 of relay 25. The other side of the coil 
98 of relay 25 is connected to the high voltage line 90. 
Diode 74 is connected across coil 98. The switch 99 of 
relay 25 is connected to an alarm (not shown) or other 
device to signal that water ?ow has occurred. 

Radiation source 22 is preferably an infrared emitting 
diode, such as the emitter half of a General Electric 
H23Bl emitter-detector pair. Detector 23 is preferably 
a photo-transistor, such as the detector half of the Gen 
eral Electric H23Bl. Timer 62 is preferably a 
MC14060B available from Motorola Semiconductors 
and includes a 14-bit binary counter and an oscillator. 
Transistors 70 and 71 are preferably type 2N3643. Relay 
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74 is preferably a type T7lL5Dl32-12 made by P&B 
(AMF). Switch 60 is a four-position switch with con 
nections as shown. All diodes are preferably type 
1N4004. Zener diode 73 is preferably a type 2N5232B 
(5.7 volt, % watt). Capacitor 65 is preferably a 0.0047 in 
farad capacitor, and capacitor 77 is 10 m farad. Resistors 
63 and 83 are 100K ohm, 91 and 84 are 10K ohm, 78 is 
a 1.75K ohm, 5 watt, 80 is 3.3K ohm, % watt, 79 is a 
100K ohm, é watt, and 64, 82, 85 and 86 are 470K ohm, 
47K ohm, 4.7K ohm, and 18 ohm, respectively. 
The function of the components is as follows. Resis 

tors 78 and 79 function as current limiting/voltage 
dropping resistors when the circuit is connected to 120 
Vac. Resistor 79 performs the current limiting/voltage 
dropping function alone when operating on low voltage 
D.C. (18-32 V F.W.R. or ?ltered). Diode 76 provides 
recti?cation on AC power and polarity reversal protec 
tion on D.C. Capacitor 77 provides ?ltering and tran 
sient absorption. 
The series circuit comprised of resistor 80, source 22, 

and Zener diode 73 provides approximately 5.7 volts of 
ripple free DC across Zener diode 73 to operate timer 
62. Resistor 80 limits the current through source 22. 
When operatng from an initiating circuit of a ?re alarm 
control panel (FACP), the current through this series 
string appears approximately as a 4.7K ohm end-of-line 
resistor. This current also causes source 22 to emit infra 
red light to illuminate photodarlington 23. Zener diode 
73 also provides transient voltage protection for timer 
62. 

Photo-transistor 23 saturates when illuminated by 
source 22. This applies approximately 4.5 to 5 volts to 
the reset pin of timer 62 through current limiting resis 
tor 82. The application of this “high” voltage to this pin 
holds the internal counter reset and inhibits the oscilla 
lot. 

When the illumination from source 22 is blocked, 
photo-transistor 23 becomes cut-off from radiation. This 
causes the voltage at pin 12 to go “low” due to the 
pull-down resistor 83. This “low” appearing at pin 12 
removes the reset from the counter and allows the oscil 
lator to run. Timer 62 contains an onboard oscillator 
which uses resistors 63 and 64 and capacitor 65 as fre 
quency determining components. The preferred fre 
quency of oscillation is 91 Hz which yields a period of 
11 ms. 
The counter contained in timer 62 is a 14 stage binary 

counter with several of the intermediate stage outputs 
available. The 213 (pin 3), 212 (pin 2), 211 (pin 1), 29 (pin 
15) and 23 (pin 7) outputs are wired to the delay selec 
tion switch 60. This provides the following time inter 
vals: 213x11 ms=90 sec; 212x11 ms=45 sec; 211x11 
ms=22.5 sec; 29Xll ms=5.6 sec; and 23x11 ms=88 
ms or approximately 0 sec. These outputs are normally 
“low” and go “high” when the counter reaches the 
count represented by the power of 2 shown. 

Transistor 70, resistor 86, diode 75 and the base-emit 
ter junction of transistor 71 forms a constant current 
source of approximately 30 mA. The use of a constant 
current source has two bene?ts: it allows relay 74 to 
operate over a large voltage range; and it provides a 
predictable and controlled current to activate the 
FACP initiating circuit. 
The current source functions as follows. When the 

output of timer 62 that is selected by switch 60 goes 
“high”, base current to transistor 70 ?ows through 
resistor 85. This allows collector current to flow 
through relay 25 and also resistor 86. Base drive is also 
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6 
provided to transistor 71 via resistor 85. When the col 
lector current ?owing in resistor 86 creates a voltage 
drop equal to the forward voltage drop across diode 75, 
any additional base current available through resistor 85 
will be diverted into the base of transistor 71. The col 
lector current of transistor 70 is therefore maintained at 
the current that will produce about 0.6 V across resistor 
86. Since resistor 86 is an 18 ohm resistor, this current 
level would be 0.6/l8 or approximately 30 mA. 

In addition to being part of the constant current 
source, transistor 71 provides another function. Upon 
receiving base current from resistor 85, transistor 71 
will conduct to common pulling pin 11 of timer 62 
“low”. This causes the oscillator to stop and allows the 
counter to hold its count. With the counter suspended at 
the count that initiated the time out sequence, transis 
tors 70 and 71 will be assured of a continuous supply of 
base current. This keeps relay 25 pulled in and the alarm 
current flowing. 
When source 22 again illuminates detector 23, a reset 

signal will be presented to pin 12 of timer 62 resetting 
the counter. This causes the counter output that was 
previously “high” to go back “low”, removing base 
drive from transistors 70 and 71 which releases relay 25 
and restores normal “end-of-line” current. 
Should switch 60, for some reason, not make contact, 

resistor 84 will provide base current for transistors 70 
and 71 (via resistor 85) when the 2 output goes “high”. 
This will happen 88 m see after the reset is removed 
from pin 12. This causes an alarm to be transmitted 
substantially immediately upon flow detection. Nor 
mally, the junction of resistors 84 and 85 is held “low” 
by the output selected by switch 60 so that the “high 
going” excursions of the 2 output are not seen by tran 
sistors 70 and 71. 
Once a timing cycle has been initiated, but not com 

pleted, restoring illumination to detector 23 will reset 
the counter to zero as well as stop the timing process. 
This ensures that no residule count exists at the start of 
a new timing cycle thereby eliminating integration ef 
fects when presented with a series of short duration 
periods of ?ow. 
Should the source 22 fail or the optics become coated 

with dirt, the alarm or other indication of water flow 
will be generated, thereby providing a fail-safe condi 
tion. 
The water-?ow detector according to the invention 

overcomes the problems of the prior art and at the same 
time is less expensive and more reliable. It has discrete 
time settings that require no trial and error adjustment. 
Timing accuracy is typically within + or -— 5%. There 
is no physical contact required between the ?ow sens 
ing mechanism and the delay timer/alarm signaling 
circuitry. Additionally, the circuit has been designed in 
such a way that components affected by the environ 
ment will fail safe; i.e., their failure will result in either 
an alarm upon failure or an alarm with no delay when 
flow is detected. 
A feature of the invention is that it provides the me 

chanical-to-electrical transducer at an earlier point in 
the system than previous water-flow detectors that 
were deemed to be reliable and safe enough to be used 
in ?re alarm systems. The simplicity of the electronic 
circuit is one reason for its reliability. It is noted that a 
number of electronic components, such as source 22 and 
transistor 71, perform multiple functions and the action 
of detector 23 on the circuit is simple and direct. These 
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factors permit the number of parts used to be mini 
mized, reducing the chances of failure of the system. 
A novel water-?ow detector which provides an elec 

tronic time-delay function with sufficient reliability and 
fail-safe features to be used in a ?re-alarm system has 
been described. It is evident that those skilled in the art 
may now make many uses and modi?cations of the 
speci?c embodiment described, without departing from 
the inventive concepts. For example, other equivalent 
electronic parts may be used. The mechanical system 
for responding to the water-?ow may be modi?ed. 
Indicator means other than a relay may be used. Conse 
quently, the invention is to be construed as embracing 
each and every novel feature and novel combination of 
features present in the detection system described. 
What is claimed is: 
1. A water-?ow detector comprising: 
a source of radiation; 
radiation detector means for producing an electrical 

output related to the radiation incident upon it; 
means responsive to said water-?ow for interrupting 

at least a portion of said radiation passing from said 
radiation source to said detector means; 

means for producing timing signals; 
a counter responsive to said electrical output for 

counting said timing signals; 
means responsive to said counter for providing an 

indication of said water flow after a count suf? 

5 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
ciently long to avoid nuisance alarms due to tran 
sient flow conditions; and 

means for stopping the advance of said counter upon 
provision of said indication of water flow. 

2. A water-flow detector as in claim 1 including a 
means for resetting said counter upon cessation of said 
water ?ow. 

3. A water-?ow detector as in claim 1 wherein said 
source of radiation is included in an electric circuit 
which approximates an end of line resistor when said 
circuit is connected to the initiating circuit of a ?re 
alarm control panel. 

4. A water-flow detector as in claim 1 wherein said 
means for delaying includes a means for varying said 
delay time. 

5. A water-?ow detector comprising: 
a source of radiation; 
radiation detector means for producing an electrical 

output related to the radiation incident upon it; 
means responsive to said water flow for interrupting 

at least a portion of said radiation passing from said 
radiation source to said detector means; and 

means responsive to said electrical output for provid 
ing an indication of said water flow a predeter 
mined time after said water flow is detected, said 
means for providing an indication including means 
for selecting said predetermined time, and means 
for providing said indication of water ?ow substan 
tially immediately after said water flow is detected 
if said means for selecting fails; 
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